We have investigated the inelastic process for alkanethiol self-assembled monolayers by using the isotope labeling and unambiguously determine the vibrational modes active in the inelastic electron tunneling spectroscopy (IETS). By the selective deuteration of the hydrogen, we can show that (1) the vibrational modes containing substantial amount of C-C displacement are active in IETS and (2) the different parts of the molecule contribute approximately equally to the IETS. These findings are qualitatively explained by the Fermi's Golden rule of IETS and well reproduced by our calculations based on the density functional theory and nonequilibrium Green's function.
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実験方法と計算方法
The peaks D, E, F, K, and L originate from n(S-C), CH3 rocking, n(C-C), CH2 wagging, and CH2 scissoring, respectively, and peaks g and h are n(C-C) coupled with CD bending modes, see Table 1 for more details. e Deuteration of the bottom methylene red shifts the v (S-C) mode by ∼5 meV.
f Deuteration of the methylene groups shifts the CH2 rocking mode, previously overlapping with peak D, to peak c.
g From theory, peak d originates from the prominent v(C-S) at 82 mV and a weak CD3 rocking mode at 85 mV.
h Assignment tentative. i Coupled with CD bending modes. The isotope shifts in the full-deuteration case is not straightforward, sometimes the isotope shift couples, for example, peaks g and h. For more detail, see Table 1 and Table 2 . 
